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THE FOLIAR SCLEREIDS OF TROCHODENDRON ARALIOIDES 


SIEB. & ZUCC. 


Adriance S. Foster 


With jour plates 


INTRODUCTION 

The presence of branched sclereids in the parenchyma ol the foliaite 
leaf of Trochodcndron has been regarded by Blenk (5), iMatsiida (8). I ai- 
mentier (9, 10), Harms (7), van Tieghem (13), and Solereder (12) as one 
of the important diagnostic characters of this remarkable dicotyledon. .\s 
far as I have been able to determine, however, no stLid\' has been made 
either of the structure and development of the sclereids or of the possible 
fluctuations in their relative abundance, form, and distribution within the 
leaves of different individuals. Data on these points are essential in an\ 
effort to judge the systematic value of the sclereids in differentiating Tro- 
chodendron from other woody ranalian genera. In the present article, the 
results of a study of the form, structure, and distribution of sclereids in the 
mature foliage leaf of Trochodcndron are presented. Living material, a.^ 
well as leaves from 25 separate herbarium collections, has been investigated. 
A study of the ontogeny of the sclereids is now in progress and the results 

will be described separately in a future paper. 

MATERI.AL AND METHOD.S 


.Abundant fresh material was secured, through the cooperation of Mr, 
Eric Walther. from a vigorous specimen of Trochodcndron growing in the 
Slrvbing Arboretum of Colden Cate Park, San Franci.sco. I rofessor 1. W . 
Bailey kindly furnished leaves from 20 herbarium collections representing, 
in equal number, specimens collected at various localities in Japan and 
Formosa. Acknowledgement is also due to Aliss Alice Eastwood of tne 
California Academy of Sciences, Dr. J. M. Greenman of the Missouri Botan¬ 
ical Garden, and Dr. H. L. Mason of the University of California for pro¬ 
viding additional herbarium material from Japan. Specific reference to the 
various herbarium sheets is made in the text as well as in the e-\planator\ 

legends accompanying the plates. 

In order to study the form and distribution of the sclereids in the lamina 
of herbarium specimens, the general technique recently outlined by Bailey 
and Nast (1: 472-473) was employed. Sectors of the lamina, extending 
from the margin to the midrib, were first heated in water, then cleared in an 
electric oven in NaOH, dehydrated in alcohol, and mounted fiom 
xylene without staining into balsam. Fresh material was similarly proc¬ 
essed except that it was found desirable to extract first the chlorophyll in 
hot alcohol. For a more detailed examination of the form of the sclereids. 
portions of the lamina and petiole of fresh leaves were macerated by the 
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method already described in a recent 
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DISTRIBUTION OF THE SCLEREIDS 


Befori' de.scribing the remarkable polymorphism of the foliar sclereids. 
it is nece.s.sary to comment brietl\' on the general distribution of these cells 
in the adult foliage leaf. .Serial sections as well as cleared leaf-sectors show 

occur as idioblasts disper.sed through certain of 
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FORM AND STRUCTURE 
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papers, however, is any indication made of the remarkable polymorphism 
of the sclereids which is only fully revealed by the study of cleared sectors 
taken from comparable regions of the lamina of different individuals. By 
means of this relatively simple technique it become.s obvious that the 
laminar sclereids varv from radiately branched elements with dichotomous 




to bizarre asymmetrical (figs. 12, 13), cruciform (fig. 


(figs 


22). Intergradations of the most varied 


character occur between these form-types and preclude rigid demarcations. 
Nevertheless, when the extremes in sclereid-form are studied from the 
standpoint of their frequency and location within the lamina, certain inter¬ 
esting trends can be detected. The profusely ramified type of cell (fgs. 
7-13) appears to dominate throughout the submarginal portion of the 
laminae of all collections. In contrast, the strictly fusiform type of sclereid 
(fgs. 16-22) attains the peak of development in the marginal ]wrtion-' of 
the lamina and, moreover, is most consistently present in the leaves of the 
Formosan collections. Indeed, during the early phases of the investigation 
it seemed possible that the presence of large fiber-like marginal sclereids 
might represent a unique feature restricted to the leaves of hormosan j^lants. 
The examination of additional herbarium material from l)oth Japan and 
Formosa, however, failed to reveal a sharp contrast with respect to this 
feature. For convenience, the fusiform and ramified tyi)es ol sclereids will 


be described separately with special reference to (1) their occurrence within 
the various collections and (2) their form and structure. 

1. Fusiform types. On the basis of the herbarium s[iecimens available 
for study, it is clear that the fusiform or fiber-like type of .sclereid is most 
abundant and reaches its greatest size^ in the marginal region of the lamina 
of the Formosan collections (figs. 2, 16-19). Out of ten separate collec¬ 
tions, only two failed to exhibit this character plainly. In contrast, the 
marginal sclereids in the collections from Japan tend to be profusely rami¬ 
fied and in many specimens differ from the submarginal sclereids merely 
in their larger size and more massive walls. Several of the Japanese col¬ 
lections were particularly notable for the complete ab.sence of contrast, 
either in size or form, between the marginal and submarginal sclereids (e.g. 
Wilson 6041). Five out of the fifteen Japanese collections, however, were 
e.xceptional. One of the most striking of these was represented by the 
leaves of seedlings collected on Yakushima. In this material, long, slender, 
fusiform elements with abundant spicules are common in the marginal 
region of the lamina (fig. 20). Several other Japanese collections were 
likewise distinguished by the presence of fusiform marginal sclereids (figs. 
21, 22). But in these specimens the sclereids are much shorter and less 
fiber-like than in the extreme examples provided by the Formosan material. 


•^B\' ‘‘mar^iinar is meant the narrow border of tissue between the small peripheral 
veins and the marginal epidermis. ‘‘SubmarginaF' designates the remaining portion of 
the lamina e.xclusive of the midrib (cf. fig. 1 and 2), 


'^The length of the fiber-like sclereids represented in figures 16-19 are, respectively: 
763, 795, 588, and 602 microns. 
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StriKturally regarded, the fii.siform type of marginal sclereid is \er\- 
thick-vvalled with the lumen reduced to a narrow channel except in the 
median region of the cell. In certain of the Formosan collections {Henry 
JJOS, Sinuida 350, Tanaka 5412) many of the fiber-like sclereids are 
tively smooth-walled except near the mid-region {figs. It) !<S). More com¬ 
monly. however, the sclereid is provided with very numerous sharp-pointed 



spicules or blunt, knob-like processes (figs. 2, 19, 21, 2J). This condition 
closeK’ resembles the situation in the lariie fusiform 



ar scie 



('(imcllia japonica (Foster 6, pi. 2 and 3). In contrast, however, to the 


extremel)’ numerous and often ramiform 
of Canii'lliu, pits are relatively few and 




of the sclereids 
are restricted to the 


central portion of the fusiform sclereids in Trochodendron. .\ full discu.s- 
^ion of their structure and development will l)e pre.sented in a future |)aper. 

2. Ramifud types. As slated earlier in this paper, the ramified type of 
sclereid [iredominates throughout the sulanarginal region of the lamina of 
all collections (figs. 1, 2). Branched sclereids. which fluctuate greatly in 
si/.e. al.so occur interspersed among the huge fiber-shaped marginal .sclereids 
of the Formo.san collections {jig. 2). In this material, transitions between 
fusiform and l)ranched types are abundant and often are extremely irreg¬ 
ular and grote.sque in character (pg. IS). 


\s is clearly showm in Plate HI, the branched sclereid> \ar\' widelv 


in 


their torm. In certain of the collections from )a[ian as well as Formosa a 
.series of reiieatedly dichotomi/ing branches radiates in a more or less s\ ni- 
metrical fashion from the central bodv of the sclereid (til’s. 7, 9(. More 
commonly, however, the branched sclereids are asymmetrical because of the 
unef|ual dexelopment (jf one or more of the arms (figs. 1, 2, .S'. 10-13). 

'I'here is. of cour.se, no sharp boundarv between the svmmelrical and asvm- 

• • ^ 

metrical tyjX'S of branching and both conditions may inlergrade within the 
same leaf. Fhe forms depicted in Plate III were deliberatelv selected to 
show some ot the extremes. In one collection from Ia[)an an amazing 
degree of polymorphism was discovered, the sclereids ranging in form from 
profusely branched elements to cruciform and short, irregular, tVoer-Iike 
types (figs. I t, 15). In no other specimen investigated were submarginal 
sclereids, comparable to the cell shown in figure 15, encountered. 

.\s to St nu t lire, the ramified sclereids tyiiically are ihick-walled cells 
with correspondingly narrow lumina (figs. S-13). Exceptions to this con¬ 
dition, however, occur in two collections, one from Japan (Siehotd) and one 
Irom Formosa (1 anaka 5412). In these s[iecimens.////oi thesubmargin.il 
sclereids are relatively thin-walled and possess ver\' slender arms (fig. 7). 
Some ot the Japanese collections exhibit an extreme condition with respect 
to the tliickness ot the sclereid-wall. In these ca.ses, ,i ‘ stratum of ver\ 

to 

thin-walled .sclereids occurs just beneath the abaxial eiudermis. Manv of 

ing 

parenchv ma elements principally by the presence of verx* short, spicule-like 
arms. I he latter may occur in pairs at each corner or nia\ be unecjual in 
number aufl vestigial in a[)pearance. Such sclereids. in a certain sense. 



ce lls are trilol^ate in surface view' and differ from the neig 
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seem to represent transitions between parenchyma cells and the more elab¬ 
orately branched, thicker-walled sclereids which occur at decider levels in 
the mesophyll. The relative abundance of spicules on the ramified types 
of sclereids fluctuates widely. For example, spicules appear consistently 
on all the sclereids of the G. G. P. specimen, their abundance varying with 
the size and form of the cell (figs. 1, 5, 6, 8). Spicules are likewise promi¬ 
nent in one of the collections from Yakushima, Japan {fig. 13). Beginning 
with these extremes, various conditions of decreasing prominence of spicules 
were noted in the collections culminating in such smooth-walled types as is 
illustrated in figure 7. As in the case of the fiber-like marginal sclereids, 
pits are few in number and are confined to the median region of the cell. 


FORM .AND STRUCTURE OF THE PETIOLAR SCLEREIDS 

-As slated previously, sclereids are largely confined to the inner highly 
iacunate cortical parenchyma of the petiole. The examination of partially 
macerated tissue, supplemented by serial longisections, of the G. G. P. speci¬ 
men reveals extensive fluctuations in the form of the petiolar sclereids. In 
no instance, however, have symmetrical radiately branched elements com¬ 
parable to those found in the submarginal portion of the lamina been ob¬ 
served. Very commonly, the petiolar sclereids are roughly H-shaped, with 
paired, acuminate vertical arms (fig. 3). The latter lie freely within the 
longitudinally extended air-spaces in the parenchyma. In elements of this 
type, one or more uncinate lateral branches are often present. Further 
complexity results in many ca.ses from the development of additional ver¬ 
tical arms (fig. 4). Sclereids of this kind likewise are scattered within the 
parenchyma tissue of the midrib. Many of the petiolar .sclereids, however, 
are more irregular in form, with their various branches unequal in length 


and radiating in the most varied directions from the central body. As 
shown in figures 3 and 4 spicules, varying in size and distribution, occur in 
the petiolar sclereids. 

Because of the great difficulties involved in the study of cleared portions 
of the petiole, it has not been possible to determine fully the distribution 
of the various form-types in the herbarium collections. However, in sev¬ 
eral of the Formosan collections (Simada 350 and Wilson 11231) magnifi¬ 
cent exam()les of fiber-like sclereids occur in addition to H-shaped and 
irregularly branched types. Two of the longest of the fusiform types 
measured re.spectively 1002 and 1465 microns in length. Such extremely 
long sclereids are of particular interest becau.se of the presence of similar 
but shorter cells in the marginal region of the lamina of the .same specimens 
(cf. figs. 17 and 19). Whether typical fiber-like sclereids ever occur in 
the petiole of the Japanese material remains to be determined. As far as 
the present study goes, there is no evidence of them. 

DISCUSSION AND CONCLUSIONS 

The present study of the foliar sclereids in Trochodendron provides an 
excellent illustration of the range in form, size, and structure possible within 
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the limits of one morphological "cell-type. 


1 ^ 


Because of the al)un(iance 


of intergradations it is obvious that no sharp boundaries e.xist between the 
various form-types, 'riuis. in the lamina, the profusely branched and filjer- 
like forms are clearly the extremes in cell specialization at the two end.- ol 
a continuous morj'>hol<.)gical series (Plates III and I\ ). Similarly, in the 
petiole, the H-shaped and fusiform types cannot be rigidly demarcated from 

the more irregularly branched forms. 

From these facts it is clear that the entire gamut of form-types must he 
fully recognized if the .sclereids are to be used as one of the diagnostic 
criteria of Trochodendron. This is particularly evident when the lluctua- 
tions in the occurrence of the liber-like type ot sclereid are taken into con¬ 
sideration. In the majoritv ol the [a[ianese collections, strictly fusilorm. 
unbranched sclereids are absent from both the marginal and submarginal 
portions of the lamina, ('onversely. the majority of the Formo.san spei i- 
mens are distinguished by the high jn'oportion of elongated, relatively un¬ 
branched. marginal sclereids (/ig.'i. 2, 16, 17, 19). 


.\dmittedlv. however, the 



investigation has merelv uncovered 


what appears to l)e a general trend in the distribution of the tiber-like t\|)e 
of foliar .sclereid. Obviously a wide range of leaf-types, collected from 
different regions of the .same [dant as well as from individuals growing under 
\ariuus ecological conditions in both Ja[xin and Formosa, should be com- 
[xuimI. Nevertheliss. in the material examined, there a[)pear.s to be no 
ciirrelation between the size or form of the lamina and the presence or 
absence of til)er-like marginal sclereids. This is most convincingly .shown 
in the case of the living specimen in (jolden (late I’ark. Here it was ])ossi- 
ble to examine a wide series of leaf-types, including the minute laminae of 


the transition form 



bud-scales and foliage leaves. In all in¬ 


stances, the marginal region ol the lamina is devoid ot the very elongate, 
tlber-like sclereids typical of most of the Formosan collections (compare 
U<’s. 1 and -?). rile herbarium material was necessarilv verv limited and 
consisted of one or two leaves from each collection. .Nevertheless the size 
.and form of the leaf varied and. in the specimens furnished bv I’rofes.sor 
Hailey, included laminae which were lanceolate, ovate, and rhomboid in 
contour (cf. Bailev and .\ast. .T PI. F). In all of this material, the occur- 
fence of t'lber-Iike marginal sclereids varied indejiendently ot either the size 
or form of the leaf-blade. 

In their recent survev of the leaves of the W’interaceae, Bailev and Xast 
(2) have shown that the trends of .sclerification include armed sclereids as 
well as nests of sclereids, lignitied thickenings of the me.so[)hvll, and scleren- 


chvmatous vein- 



In Trochodendron, who.se .systematic relation 


.shi|)s with other ranalian groups remains to be clarified, the foliar .sch^reids 
appear to exhibit two major trends in s[>ecialization, viz.: (1) the slender, 
radiately branched types (jigs. 7-11) and (2) the massive fdier-like forms 
{figs. 16 -22). The phvhtgenetic and .systematic implications of this polv- 
morphism will not become apparent, however, until the foliar sclerenchvma 
of other ranalian trenera has been fuliv studied. 
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Laminar sectors cleared in NaOH and pholo^rajihed un>lained 
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.V/o, Formosa, sliovvii'm the closel> packed fiher like marginal sclereids. Note variations 
in si/e and ot Itranchin^ of the suhmar^inal schriMfis. 


Ps am: II 

Oamera lucida drawings o! sclereids isolated h\ macerati(»n trom le;ues ot the 
(iolden (iate Park sjiecimen. In ordir to stiow the distrihiition ot the s|)icu!es. the 
narrow Itranched lumen ol these cells has hian omiltial in the drawdnes. ALmniheation 



1m(. V Slender H-shat)ed sclereid irurn ttu' petiole. Note the short uncinati* tyranches 
of tliis cell. Fu;. 4. Sclereid from thi* pi'tiole with three s\stenM of xertical tyranches. 
Note intereraclations hetweeii spacule- and short lateral hranches Pun .s. Radiate!)’ 

tyrant hed schaeid from the suhmarLnnal reeion t*l the lamina. Pi<.. o. LarLU', irreirularl)’ 
luaiiuhetl, muritate sclereid trtmi iiu‘ mariiiinil reeion ol the lamina. P.lemenls oi 
tN ju* art* ;dso shown in a//u in /^Idlt /, /it;. I. 



Pi a 11 111 


0;imera lucida drawin^.s of sclereids from the suhmaiLrinal re^itm of clearetl sectors 


(y| the lamina. Each cell is shown as it appiars in median optical view ; the central 
[yortion t)f the lumen is indicated h\' tlie l>roken tnitline /'/.c'v. 7 -II, radiately branched 
tvpes; /fps !J, /d, irreeularl) branched t\|H‘s; //p- Pb t ruciform typye; fi.cn /d, irreeular 
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Sit hold (t\'pe coll.), Jaiean. Pu.. S (itddtn Chile Park specimen. Pu- u. 
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pOrniosa. Pun 17. Henrx P'ormo'^a. Pde,. Id. \\dlu)fi /‘uF//, 'S'akiishima. j;ipan. 



Pie,. 14. ( S.XJI. Japan i C'tdler t or ^ ^ Ma\ 


lSf)7, Amand-sann Pu.. 15. 


I S.\ If. .e-'dlodd, japnin {(odlt cior 7, Ma\’ 7^. psu;, .Vmaizi san) 


Pi.\n I\ 


Chimera diu itl;i tlr,iv\ innrs of fil)t*r-like sclereitK from the m;nLdnal rcLdon of clean'd 
set tors ot tile lamina Phu h it*ll draw n in median optit al \ iew : dotted outline indicates 
(cntral j*ortion of lumen. Maimification • ISO. 

Pu.. In litnrv /.'Od. Pormosa. Lone, vk'nder, idu'r-^haiH'd stiereid. Noti* relatixely 

i pormosa. Nott* short, irre.izular branche*- nt‘ar 

Pde. IS. Tanakii P'ormo^a. Irra'taular, fdierdike sclereid. 
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leiitral reeion of cell. 

Phis I'ell illusttales tile ctammon inlt’rmadation in iorm between stricllv fusiftu'm 
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.\Spo.ir {('olleetor^, Ma\ 
i !osel\ re.se 


Fun PP Pl'/7.sao/ P'ormosa. \ er\ broad, fusiform t\pe, 

('onsistent I) presc'iit in this (ayllection. Fu;. 20. H*/7\fO/ 

vvitli aliundant sjiieuies Pun. 21. Jack, (let. 25, 
Abundant in this colleition. Fu.. 22. I 



7, Amatzi-sanJ. Short, irrenularlc branched l\pe, 






l ns i \ I H s 11 N o V (2 1 1 V «yR n i .a , 

Hre Ki11\. 


